A library of 3,4-dihydropyrimidin-2(1H)-ones/thiones derivatives were synthesized via Biginelli condensation reaction of β-keto esters, aryl aldehydes and urea/thiourea under solvent-free conditions utilizing nickel nanoparticles under microwave irradiation (CEM Discover). The structures of the all compounds were elucidated with the aid of elemental analysis, IR, 1H-NMR and Mass spectral data. Nickel nanoparticles can be recovered and reused five times without loss of their efficiency. Short reaction time, high yield of products and simple workup procedure, solventfree conditions and reusability of the catalyst are the superior features of this protocol.
INTRODUCTION
3,4-dihydropyrimidinones (Biginelli compounds) derivatives in general are known to have a broad range of applications in medicinal, bio-organic, industrial as well as in the fields of synthetic chemistry. Some of these compounds are very active calcium channel blocker. [1] Few derivatives of 3,4-dihydropyrimidinones like Amlodipine [1] and Nicardipine [2] are found to have antihypertensive activity. [2] Dihydropyridine drugs exhibits cardiovascular activity. Their sulfur analogues (DHPMs) also have been reported to possess diverse pharmacological activities such as antiviral, antibacterial and antihypertensive activity. [2] Thiourea compounds have found wide applications as pharmaceuticals, insecticides, preservatives, rodenticides, and otherwise also they are of commercial use in dyes, photographic films, textiles etc. They show a wide variety of physiological activities. Several alkaloids containing the dihydropyrimidine core unit, exhibiting interesting biological properties, have been isolated from marine source. [3] [4] [5] Among these the crambine [3 and batzelladine alkaloids [4] were found to be potent HIVgp-120-CD4 inhibitors. 4-(3-hydroxyphenyl)-2-thione derivative (±) called monastrol [5] known as a novel cell-permeable lead molecule for the development of anticancer drugs. 3 , AcOH, TSIL, VitaminB1/EtOH, Cl 3 CCO 2 H, sulfamic acid, ultrasonic radiation, neat condition, PEG-400. Commonly synthesis of DHPMs via Biginelli reaction is done in reflux condition. The simple and direct method for the synthesis of DHPMs reported by Biginelli in 1893 involves the one-pot condensation of an aldehyde, a β-ketoester and urea under strongly acidic conditions 14 but this method suffers from low yields especially in the cases of aliphatic and some substituted aromatic aldehydes. At present there are few general methods for synthesis of DHPMs involves the reflux of β-ketoesters, aryl aldehydes and urea, using catalytic acid in a protic solvent, but disadvantage of this method is it's a more time consumption method and gives low yield of product. All this discovered method require solvent, longer reaction time and isolation workup for the desired 3,4-dihydropyrimidones. Now a days, Metal nanoparticles have attracted much attention in the fields of physics, chemistry, electronics and biology [7] [8] due to their unique electrical, [9] chemical, [10] optical [11] and photo-electrochemical [12] properties, which are strongly dependent on the sizes and shapes of metal
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nanomaterial. [12] [13] [14] These nanoparticles having a high specific surface area and a high surface to volume ratio.
Moreover, Microwave heating has emerged as a powerful technique to promote a variety of chemical reactions. Microwave reactions under solvent-free conditions are attractive in offering reduced pollution and offer low cost together with simplicity in processing and handling. [15] We have used combination approach of these two things i.e. use of nickel nanoparticle under microwave irradiation to optimize synthesis of 3,4-dihydropyrimidinones (Biginelli compounds) derivatives. We have reported one pot synthesis which is a simple, efficient, environmentally safe and economical method for the preparation of DHMPs in solvent-free condition using nickel nanoparticles.
RESULTS AND DISCUSSION:
The use of heterogeneous and recyclable catalysts [16] [17] [18] especially under solvent-free conditions presented itself as a remarkable technique toward environmentally clean synthesis of organic compounds. Therefore, we decided to investigate the efficiency of Ni-nano particle as a an efficient and reusable catalyst for the synthesis of 3,4-dihydropyrimidin-2(1H)-ones/thiones derivatives under microwave irradiation as well as under solvent-free conditions (Scheme 2).
Firstly, we have synthesized Ni-nano particles according to previously reported method and it was characterized using XRD. From the XRD analysis and Debye-Scherrer formula, we got size of Ninano particles. The size of nano particle is 14 nm. Then the synthesis of compound 1 (Table 1) was selected as a model reaction to determine suitable reaction conditions. The reaction was carried out under microwave irradiation by employing benzaldehyde (1 mmol), ethyl acetoacetate (1 mmol), urea (1.5 mmol) and different amount of Ni-nanoparticles under solvent-free conditions. Initial experiment without catalyst produced very lower yield of product. Then the reaction was performed in the presence of 5 mol%, 10 mol% and 15 mol% of Ni-nanoparticles using different amount of urea (Table 2 ). In a Improvement of yield was observed when the amount of urea was increased from 1 equiv. to 1.5 equiv. (based on benzaldehyde) but the yield remained same with further increment of urea up to 2 equiv. Use of just 10 mol% of Ni-nanoparticles is sufficient to push the reaction into completion with excellent yield. Higher amount of the catalyst did not improve the result to a greater extent. Hence, an optimum of 0.10 equiv. (10 mol%) of Ni-nanoparticles and 1.5 equiv. of urea (based on benzaldehyde) in the reaction mixture was ideal for achieving the best yield. Methanol was also used as a solvent instead of solvent-free condition. However, in absence of solvent reaction proceeded efficiently in terms of product yield and reaction time.
International Letters of Chemistry, Physics and Astronomy Vol. 50 To evaluate the generality of this model reaction we then prepared a range of 3,4-dihydropyrimidin-2(1H)-ones/thione derivatives under the optimized reaction conditions. In all cases, aromatic aldehydes with substituents carrying either electron-donating or electronwithdrawing groups reacted successfully and gave the products in high yields. It was found that aromatic aldehydes with electron-withdrawing groups reacted faster than those with electrondonating groups.
The principle advantage of the use of heterogeneous catalysts in organic transformations is their reusability. Hence, we decided to study the catalytic activity of recycled Ni-nano particles in the synthesis of compound 1 under the optimized conditions. After the completion of the reaction, the catalyst was recovered according to the procedure mentioned in experimental section and reused for a similar reaction. The catalyst could be used at least five times with only slight reduction in the catalytic activity (Table 3) . 
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The merits of our protocol are: (a) unlike other metallic catalyst, our process extends the scope of reusability of the catalyst. The recycled catalyst was reused five times without loss of its activity; (b) Ni-nano particles was easily synthesized by inexpensive protocol; (c) high yielding process; (d) simple and efficient work up procedure; (e) solvent-free condition; (f) reaction under microwave irradiation (MWI); (g) shorter reactions times.
As a normal curiosity of chemists after discover a reaction there were studies to find the expected pathway for that reaction. As Biginelli reaction involves condensation of three component aldehydes, β-keto esters and urea\thiourea, keeping these reactant's reactivity in mind possibly the reaction could proceed in a following way (Scheme 3). The mechanism involved nucleophilic attack of urea on the electron deficient carbon of the aromatic aldehyde resulted in formation of Nbenzylidene-urea with removal of water molecule. Now, electrons available on nitrogen atom which was attached to benzylidene double bond were pulled by nickel nanoparticles so that nitrogen couldn't take part in further condensation i.e. only double bond electrons were available. On other site electrons on both oxygen atom of ethylacetoacetate also pulled by Nickel nanoparticles so active methylene group of ethyl acetoacetate adds to benzylidene double bond of N-benzylideneurea resulted in formation of final product followed by dehydration.
Materials and Methods
All Starting materials and other reagents were purchased from commercial suppliers and were used without any further purification unless otherwise indicated. The reactions were assayed by thin layer chromatography (TLC) and terminated as judged by the consumption of starting material. Analytical thin-layer chromatography (TLC) was performed on silica gel G 60 F254 (Merck) plates and eluted with the appropriate solvent ratios (v/v). The melting points were recorded in optimelt automated melting point system and were uncorrected. IR spectra were recorded on a Perkin-Elmer 377 spectrophotometer, 1H NMR spectra was measured in Bruker AV 400 MHz using CDCl3 as a solvent and TMS as an internal standard. Mass spectra was recorded on Advion Expression CMS, USA. Elemental analysis was performed on the Vario MICRO cube, elementary CHN analyzer serial no.: 15084053. Here we have used the CEM Discover microwave system for synthesis. Its model no.: 908010 and made CEM Matthews. Inc, USA. [22] Nickel nanoparticles were prepared using hydrazine hydrate as reducing agent by earlier reported method. stirrer for 1 h at 60 ºC. After 1 hour reaction was completed and black nickel nanoparticles formed were collected, washed several times by ethanol and dried at the room temperature. The formation of nanoparticles was confirmed by XRD analysis.
Preparation and characterization of nickel nanoparticles
Formation of nickel nanoparticles was confirmed by XRD analysis. XRD graph (Figure 1) shows two characteristic peaks at 2ϴ value 45.37 &52.8 which were matched with standard data. [23] [24] [25] These peaks correspond to indices (1 1 1) and (2 0 0) respectively. The broad nature of peaks is indicative of their nano size.
Particle Size Calculation from XRD [26] Considering the peak at degrees, average particle size has been estimated by using Debye-Scherrer formula,
Where 'λ' is wave length of X-Ray (0.1541 nm), 'β' is FWHM (full width at half maximum), 'ϴ' is the diffraction angle & 'D' is particle diameter size. Here, the values of different component in scherrer formulla obtained from XRD are as follows, 1) 2ϴ = 45.3702 & hence ϴ = 22.685 2) β = (45.3702-44.7649)π\180 = 0.01056 radians 3) λ = 0.1541 From the above calculation, the average diameter size of nickel nanoparticles is 14.25 nm. The smaller size of Ni-nano particles having a higher surface to volume Ratio has promising features for the reaction response such as the shortest Reaction time, excellent product yields, simple work-up procedure, and purification of products by non-chromatographic methods.
Synthesis of 3,4-dihydropyrimidin-2(1H)-ones/thiones using Ni-nano particle as a Reusable catalyst:
The aromatic aldehyde (1 mmol), ethyl acetoacetate (1 mmol), urea or thiourea (1.5 mmol) and nickel nanoparticles (10 mol%) were placed into a sealed glass ampoule (10 mL) and introduced in the center of the cavity of a CEM microwave oven. The reaction mixture were irradiated at 150 W (80 o C) for the time shown in table 1. The reaction progress was monitored by thin layer chromatography (TLC) using n-hexane:ethyl acetate (8:2) as a mobile phase, during the interval of each 10 second. After completion of the reaction, the mass was cooled to room temperature, the solid residue was dissolved in ethyl acetate, and the mixture was stirred for 5 min. The catalyst was filtered and washed with acetone, then dried in an oven at 100 o C for 2 h. The
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